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Clinical PerspectiveWhat Is New?A simple score accurately predicts 2‐year mortality in patients with Chagas cardiomyopathy.The score included variables that could be readily assessed at public health primary care units.The score provides a robust tool for risk stratification among Chagas community‐based patients.What Are the Clinical Implications?The score provides insights on how patient care and healthcare resources can be optimized.Risk stratification of Chagas disease patients in the limited‐resource setting would be helpful for patient management.Identification of high‐risk patients is useful to guide appropriate therapy.

Introduction {#jah34855-sec-0008}
============

Chagas disease is a major public health burden in Latina America and has become a potentially serious emerging problem in nonendemic countries.[1](#jah34855-bib-0001){ref-type="ref"}, [2](#jah34855-bib-0002){ref-type="ref"} Millions of people are chronically infected, with the largest numbers living in Brazil and Argentina.[3](#jah34855-bib-0003){ref-type="ref"}, [4](#jah34855-bib-0004){ref-type="ref"} Although most infected people remain asymptomatic, it is estimated that a third of individuals infected with *Trypanosoma cruzi* will progress to Chagas cardiomyopathy decades after the initial infection.[5](#jah34855-bib-0005){ref-type="ref"}

Chagas cardiomyopathy has a wide spectrum of clinical presentations, with ECG abnormality early in the disease course, but can progress over time to dilated cardiomyopathy with heart failure, ventricular arrhythmias, conduction disturbances, thromboembolic events, and sudden cardiac death.[6](#jah34855-bib-0006){ref-type="ref"} Chagas cardiomyopathy is a major cause of cardiovascular‐related deaths in endemic areas,[7](#jah34855-bib-0007){ref-type="ref"}, [8](#jah34855-bib-0008){ref-type="ref"} with ≈12 000 attributed deaths per year worldwide.[1](#jah34855-bib-0001){ref-type="ref"}, [9](#jah34855-bib-0009){ref-type="ref"} The disease also causes substantial disability, with a large proportional contribution of years of life lost to its total disability‐adjusted life‐years.[10](#jah34855-bib-0010){ref-type="ref"}

Over the past several decades, large‐scale rural‐to‐urban migration has spread the disease to cities and to nonendemic countries.[2](#jah34855-bib-0002){ref-type="ref"} However, Chagas disease has remained largely confined to poor rural areas of Latin America and is recognized by the World Health Organization as a neglected tropical disease that primarily affects low‐income populations in endemic areas.[1](#jah34855-bib-0001){ref-type="ref"} A substantial number of infected individuals still live in remote poor areas and are at risk for disease progression and death.[11](#jah34855-bib-0011){ref-type="ref"} In rural endemic areas, access to diagnosis and treatment is limited, which may result in high mortality from Chagas disease.[12](#jah34855-bib-0012){ref-type="ref"} Consequently, a score that could provide risk stratification for patients with Chagas disease would be useful for generalist physicians working at the primary health services.

The 2018 American Heart Association scientific statement on Chagas cardiomyopathy recommends performing risk stratification in all patients with chronic Chagas disease.[6](#jah34855-bib-0006){ref-type="ref"} However, the use of the Rassi score for mortality risk stratification requires 24‐hour Holter monitoring, stress testing, and echocardiography, which may not be available in rural areas in endemic countries.[13](#jah34855-bib-0013){ref-type="ref"} A simple risk stratification score using available tests that can be applied in endemic populations would be helpful for patient management.

The SaMi‐Trop (The São Paulo‐Minas Gerais Tropical Medicine Research Center) is a large cohort of well‐characterized patients with Chagas cardiomyopathy within a limited region of Minas Gerais State, Brazil,[14](#jah34855-bib-0014){ref-type="ref"} where the participants were systematically followed with standardized assessment of clinical outcomes. We used this robust cohort to develop a risk‐assessment algorithm that integrates all relevant variables to be applied in primary healthcare settings. The purpose of this study was to develop a simple point‐based risk score to predict 2‐year mortality in patients with Chagas cardiomyopathy from remote endemic areas.

Methods {#jah34855-sec-0009}
=======

The data, analytic methods, and study materials will be made available by the corresponding author on reasonable request from other researchers for purposes of reproducing the results or replicating the procedure.

Derivation Cohort {#jah34855-sec-0010}
-----------------

The baseline characteristics of the cohort have been described in detail previously.[14](#jah34855-bib-0014){ref-type="ref"} Briefly, patients were selected using the database encompassing the population of 21 municipalities in the north of Minas Gerais (Figure [1](#jah34855-fig-0001){ref-type="fig"}). This study is part of the National Institutes of Health--sponsored SaMi‐Trop prospective cohort study,[14](#jah34855-bib-0014){ref-type="ref"} one of the largest cohort study of Chagas disease conducted worldwide. The SaMi‐Trop cohort included patients with chronic Chagas cardiomyopathy from among those who used the Telehealth Network, a program that uses telecommunication and virtual technology designed to support primary health care in Minas Gerais State, Brazil.[15](#jah34855-bib-0015){ref-type="ref"}

![Map of Minas Gerais State showing the 21 municipalities enrolled for the derivation cohort (SaMi‐Trop) and Bambuí city, where the population was selected for the validation cohort.](JAH3-9-e014176-g001){#jah34855-fig-0001}

Initially, eligible participants were selected based on self‐reporting of Chagas disease and the presence of ECG abnormalities that characterize the cardiac form of the disease. In brief, 12‐lead ECG abnormalities included Q‐wave abnormalities, primary ST‐ and T‐wave changes, complete intraventricular block, atrioventricular conduction changes or pacemaker use, atrial fibrillation or flutter, or other major arrhythmias.[16](#jah34855-bib-0016){ref-type="ref"}, [17](#jah34855-bib-0017){ref-type="ref"}

Subsequently, all participants were tested for *T cruzi* infection using 2 serologic assays, a *T cruzi* lysate‐based enzyme immunoassay and a recombinant enzyme immunoassay (Wiener Lab). The final cohort included only patients with 2 positive serologic tests against *T cruzi*.

The baseline visit was performed between 2013 and 2014 at public health primary care units by previously trained staff. Patients were interviewed using a standardized questionnaire with sociodemographic information, health‐related behaviors, comorbidities, heart disease symptoms, especially functional capacity assessed by the New York Heart Association (NYHA) classification, and blood collection. The NT‐proBNP (N‐terminal pro‐B‐type natriuretic peptide) test was also obtained. NT‐proBNP (Roche Diagnostics) was categorized according to age‐specific cut points for heart failure.[18](#jah34855-bib-0018){ref-type="ref"}

A resting 12‐lead ECG was recorded at baseline using a PC‐based ECG machine (TEB). The ECG recordings were sent electronically via the Telehealth system and read by a trained cardiologist. The report was subsequently returned to the patient\'s physician.[19](#jah34855-bib-0019){ref-type="ref"} ECGs were classified using the Minnesota Code criteria with variables derived from the median complex of the Glasgow University software measurement matrix.[19](#jah34855-bib-0019){ref-type="ref"} ECG measurements and codes were reviewed by a second cardiologist who was blinded to clinical findings and serologic statuses. Patients who presented with normal ECG at baseline and were classified as having an indeterminate form were not selected for the study. Initially, 1959 patients with confirmed Chagas disease from 21 municipalities were eligible for the study. After ECG review, 375 patients (19.1%) who had normal ECG were excluded, and a total of 1584 patients were enrolled.

Among the 1584 study participants, 33 patients (2%) were excluded at the end of the follow‐up for unknown date of death (n=13), missing values of NT‐proBNP (n=4), or NYHA functional class (n=15), and one patient without the date of last contact was excluded. Therefore, 1551 patients who had complete data and who fulfilled the inclusion criteria were included in this study (Figure [2](#jah34855-fig-0002){ref-type="fig"}).

![Flowchart of the study population.](JAH3-9-e014176-g002){#jah34855-fig-0002}

After 2 years of follow‐up, all patients were contacted for a second visit at public health primary care units (2015--2016). The study was approved by the Brazilian National Institutional Review Board (CONEP), No. 179.685/2012. In this investigation, all human subjects were adults who gave written informed consent.

End Point Definition {#jah34855-sec-0011}
--------------------

The end point was all‐cause mortality at 2‐year follow‐up. Deaths were mostly identified using death certificates obtained from the Health Department of Minas Gerais or the local municipality authorities, which provided information about locale, cause, and date of death.

The death certificate is a nationally required document for all registered deaths; however, national coverage is not 100%. In fact, it was estimated in a recent study as 82.7% for the period of 2010--2016.[20](#jah34855-bib-0020){ref-type="ref"} Some of our cohort patients did not attend their scheduled visit at 2 years of follow‐up and had no identified death certificate, but their vital statuses were known via contact with the families or community health workers. For a few of those participants, details of cause and date of death were missing.

Validation Cohort {#jah34855-sec-0012}
-----------------

A second set of patients who also lived in an endemic area for Chagas disease, located in the midwest of Minas Gerais State, was selected as the validation cohort (Figure [1](#jah34855-fig-0001){ref-type="fig"}). The cohort study, which consists of all residents aged ≥60 years from Bambuí town, one of the oldest known endemic area for Chagas disease, has been described previously.[21](#jah34855-bib-0021){ref-type="ref"} Baseline data collection was performed from February to May 1997, including standardized interviews, overall blood tests, and ECGs.[16](#jah34855-bib-0016){ref-type="ref"} The same variables assessed in the derivation cohort were also available in the validation cohort. The only difference was the use of BNP to replace NT‐proBNP measured in the derivation cohort. A cutoff value ≥100 pg/mL was categorized as abnormal BNP.[22](#jah34855-bib-0022){ref-type="ref"} Of the 1462 participants, 557 had 3 positive serologic tests for Chagas disease and were included. Death certificate verification was performed during annual follow‐up visits. For validation purposes, we analyzed mortality at 2 years of follow‐up. The Bambuí Cohort Study of Aging was approved by the ethics board of the Fundação Oswaldo Cruz, Brazil.

Statistical Analysis {#jah34855-sec-0013}
--------------------

Baseline characteristics were reported by survivorship status at the end of 2 years of follow‐up. We presented frequency and percentages for categorical variables and mean±SD or median and interquartile range for continuous variables. For continuous variables, Student unpaired *t* test or Mann--Whitney *U* test were used to compare survivors and nonsurvivors for categorical variables; the χ^2^ test was used to assess differences.

Cox proportional hazards regression was performed to identify independent predictors of all‐cause mortality. In an initial step, we used a model in which prespecified variables associated with mortality in Chagas disease were included: age, sex, NYHA functional class, benznidazole treatment, and NT‐proBNP.[13](#jah34855-bib-0013){ref-type="ref"}, [22](#jah34855-bib-0022){ref-type="ref"}, [23](#jah34855-bib-0023){ref-type="ref"} In a second step, ECG variables that were significantly associated with death in the univariable analysis were entered the final model, including heart rate, QRS duration, QT interval, and low QRS voltage. The presence of atrial fibrillation; use of a pacemaker; and left bundle‐branch block, which occurred in \<5% of the population, were not included in the final model. Interaction terms between the several explanatory variables were also considered during modeling.

Unadjusted associations between continuous predictors and mortality were examined using restricted cubic spline functions, including heart rate and QRS duration. The estimated spline function indicated that the association between these variables and mortality was not linear; therefore, we categorized them to enter dichotomously into the final prediction model. NT‐proBNP was entered in the score model as a dichotomous variable corrected by age. The score was obtained with a simple sum of points attributed to each predictor of the final model.

Subsequently, with the aim of providing a practical tool for risk stratification, the nomogram was developed to calculate the predictive risk. A risk score to predict 2‐year mortality was obtained using a scale from 0 to 100 points. The patients were classified into 3 categories of risk: low risk (\<2%), intermediate risk (≥2% to 10%), and high risk (≥10%) of death in 2 years. The risk categories were defined based on a previous study assessing the risk score for mortality in Chagas disease.[13](#jah34855-bib-0013){ref-type="ref"} The mortality rates at 10 years in low, intermediate, and high risk were 10%, 44%, and 84%, respectively, which correspond to 2‐year mortality in low, intermediate, and high risk of 2%, 8.8%, and 16.8%, respectively. The total number of points in the nomogram corresponding to 2‐year risk of death in the 3 categories can be obtained. The corresponding score cutoffs were determined based on the total number of points in the nomogram corresponding to 2‐year risk of death in the 3 categories by tracing a vertical line from total points to 2‐year risk of death. Consequently, low risk (\<2%) corresponds to roughly 50 points, intermediate risk (≥2% to 10%) is between 50 and 100 points, and high risk (≥10%) is \>100 points.

The score risk model was internally validated by means of a bootstrap resample method to assess model optimism[24](#jah34855-bib-0024){ref-type="ref"}; calibration was based on the Hosmer and Lemeshow test and discrimination on the receiver operating characteristic curve and C statistic. In addition, 1000 times cross‐validation was run, splitting into training (70%) and test (30%) samples, and discrimination and calibration were evaluated in the test group. External validation was performed by applying the final model to an independent population of patients with Chagas disease (the Bambuí cohort) to assess its discrimination and calibration in predicting 2‐year mortality.

Statistical analysis was performed using SPSS for Windows v22.0 (IBM Corp) and R v3.4.0 (R Foundation for Statistical Computing).

Results {#jah34855-sec-0014}
=======

Patient Characteristics {#jah34855-sec-0015}
-----------------------

The mean age was 59.4±12.7 years (range: 18--96), 1024 participants were women (66%), and 836 (54%) participants were in NYHA functional class I at the time of recruitment into the study. The baseline characteristics of the overall population, comparing those who survived with those who died, are summarized in Table [1](#jah34855-tbl-0001){ref-type="table"}. Previous treatment with benznidazole was reported by 368 patients (24%). Right bundle‐branch block plus left anterior fascicular block was present in 215 patients (14%), and atrial fibrillation in 80 patients (5%) at enrollment.

###### 

Characteristics of the Study Population at Baseline, Stratified According to All‐Cause Mortality

                                                                  Overall Population (N=1551)   Survivors (n=1441)   Deceased (n=110)   *P* Value
  --------------------------------------------------------------- ----------------------------- -------------------- ------------------ -----------
  Age, y                                                          59.4±12.7                     58.9±12.6            66.2±13.3          \<0.001
  Male sex                                                        527 (34)                      479 (33)             48 (44)            0.026
  NYHA functional class II or higher                              715 (46)                      643 (45)             72 (66)            \<0.001
  Syncope[a](#jah34855-note-0002){ref-type="fn"}                  357 (23)                      330 (23)             27 (25)            0.193
  Diabetes mellitus                                               156 (10)                      148 (10)             8 (7)              0.314
  Arterial hypertension                                           535 (34)                      502 (35)             33 (30)            0.304
  Chronic kidney disease                                          115 (7)                       100 (7)              15 (14)            0.010
  NT‐proBNP, pg/mL)                                               167 (68/472)                  149 (63/397)         1133 (413/3213)    \<0.001
  Abnormal NT‐proBNP[b](#jah34855-note-0003){ref-type="fn"}       214 (14)                      158 (11)             56 (51)            \<0.001
  Medications                                                                                                                           
  Benznidazole treatment[c](#jah34855-note-0004){ref-type="fn"}   368 (26)                      357 (25)             11 (10)            0.001
  Loop diuretics                                                  327 (21)                      274 (19)             53 (48)            \<0.001
  ACEIs                                                           475 (31)                      447 (31)             28 (26)            0.258
  Angiotensin receptor blockers                                   452 (29)                      403 (28)             49 (45)            \<0.001
  Spironolactone                                                  284 (18)                      245 (17)             39 (36)            \<0.001
  β‐Blockers (carvedilol)                                         339 (22)                      288 (20)             51 (46)            \<0.001
  Digoxin                                                         132 (9)                       115 (8)              17 (16)            0.006
  Amiodarone                                                      386 (25)                      338 (23)             48 (44)            0.001
  ECG findings                                                                                                                          
  Heart rate, beats/min                                           66±14.1                       66±13.5              70±17.9            0.028
  Atrial fibrillation                                             80 (5)                        66 (5)               14 (13)            \<0.001
  QTc interval, ms                                                446.7±30.3                    446.0±30.2           458.8±29.8         \<0.001
  QRS duration, ms                                                120.4±29.0                    119.3±28.3           136.3±34.7         \<0.001
  Pacemaker                                                       64 (4)                        48 (3)               16 (15)            \<0.001
  Isolated RBBB                                                   379 (24)                      358 (25)             21 (19)            0.167
  RBBB plus LAFB                                                  215 (14)                      196 (14)             19 (17)            0.283
  LBBB                                                            74 (5)                        60 (4)               14 (13)            \<0.001
  Ventricular ectopic beats                                       52 (3)                        45 (3)               7 (6)              0.071
  Low QRS voltage                                                 109 (7)                       95 (6.6)             14 (13)            0.015

Data are expressed as mean±SD, median (interquartile range), or absolute numbers (percentage). ACEI indicates angiotensin‐converting enzyme inhibitor; LAFB, left anterior fascicular block; LBBB, left bundle‐branch block; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; NYHA, New York Heart Association; RBBB, right bundle‐branch block.

Reported by the patients.

Considering age‐related cutoff values.

Previous treatment with benznidazole was not informed by 124 patients (8%).

During a median follow‐up of 24 months (range: 0.83 to 39.96 months \[3.33 years\]), 110 patients died, with a mortality incidence rate of 3.505 deaths per 100 person‐years. Survivors were significantly younger, with a predominance of women; had better NYHA functional class; received further treatment with benznidazole; and the levels of NT‐proBNP were lower compared with those who died. The presence of comorbidities did not vary among the participants, except that chronic kidney disease was present in a higher percentage of those who died than those who survived.

Compared with the survivors, the participants who died presented more ECG abnormalities. Atrial fibrillation, larger QTc interval, longer QRS duration, and presence of a pacemaker were found more frequently in deceased patients than in survivors.

By multivariable analysis, 5 variables were maintained in the final model: age, NYHA functional class, heart rate, QRS duration, and NT‐proBNP (Table [2](#jah34855-tbl-0002){ref-type="table"}). Figure [3](#jah34855-fig-0003){ref-type="fig"} shows Kaplan--Meier survival curves by NYHA functional class II or higher, abnormal NT‐proBNP, QRS duration ≥150 ms, heart rate ≥80 beats/min, age groups, and according to risk category.

###### 

Multivariable Cox Proportional Hazards Regression Model for Predicting 2‐Year Mortality

  Variable                                                    Β Coefficient   HR (95% CI)            *P* Value
  ----------------------------------------------------------- --------------- ---------------------- -----------
  Age (decade)[a](#jah34855-note-0006){ref-type="fn"}         0.358           1.431 (1.229--1.665)   \<0.001
  NYHA class II or higher                                     0.487           1.628 (1.088--2.437)   0.018
  Heart rate ≥80 beats/min                                    0.592           1.808 (1.169--2.796)   0.008
  QRS duration ≥150 ms                                        0.486           1.626 (1.070--2.470)   0.023
  Abnormal NT‐proBNP[b](#jah34855-note-0007){ref-type="fn"}   1.772           5.885 (3.931--8.812)   \<0.001

HR indicates hazard ratio; NT‐proBNP, N‐terminal pro‐brain natriuretic peptide; NYHA, New York Heart Association.

HR for each 10‐year increase in age.

NT‐proBNP was considered abnormal by age range as follows: \<50 years=NT‐proBNP \>450 pg/mL; 50--75 years=NT‐proBNP \>900 pg/mL; \>75 years=NT‐proBNP=1800 pg/mL.

![Kaplan--Meier survival curves by New York Heart Association (NYHA) functional class ≥II (**A**), abnormal NT‐proBNP (N‐terminal pro‐B‐type natriuretic peptide) (**B**), QRS duration ≥150 ms (**C**), heart rate ≥80 beats/min (**D**), age groups (**E**), and risk category (**F**).](JAH3-9-e014176-g003){#jah34855-fig-0003}

The final model validated in the test sample showed a C statistic of 0.816 (95% CI, 0.772--0.859) and is well calibrated (Hosmer--Lemeshow test, *P*=0.452). Illustration of observed versus predicted mortality by decile of predicted risk in the development set is shown in Figure [4](#jah34855-fig-0004){ref-type="fig"}A. No evidence showed overfitting, and the optimism result was 97.4%. Cross‐validation with replication showed optimal discrimination of the model, with an average C statistic of 0.806 (95% CI, 0.736--0.869) and calibration with an average of Hosmer--Lemeshow *P* value of 0.306.

![Calibration plots by decile for the 2‐year mortality risk prediction model in the derivation cohort (**A**) and in the validation cohort (**B**).](JAH3-9-e014176-g004){#jah34855-fig-0004}

The nomogram produced based on the regression coefficient for each independent predictor of mortality can be seen in Figure [5](#jah34855-fig-0005){ref-type="fig"}. The scores for each variable, which were summed to give total points, are shown in Table [3](#jah34855-tbl-0003){ref-type="table"}. According to the nomogram, abnormal NT‐proBNP adjusted by age was the strongest predictor of death. A low‐risk score was set as a predicted probability of dying in 2 years \<2% (\<50 points); intermediate risk was ≥2% to 10% (50--100 points), and the high‐risk category had predicted risk of \>10% (\>100 points). As an example, using the point scale in the nomogram (Figure [6](#jah34855-fig-0006){ref-type="fig"}), a 65‐year‐old woman (61 points) presented with NYHA functional class I (0 point) with abnormal NT‐proBNP (55 points), heart rate of 85 beats/min (18 points), and QRS duration of 160 ms (15 points). The total sum of points is 149, which classifies her into the high‐risk group with predicted probability of 2‐year mortality of 38%. The observed 2‐year mortality rates in the low‐, intermediate‐, and high‐risk groups were 0%, 3.6%, and 32.7%, respectively.

![Nomogram for the final model. Each variable corresponds to a point (top). These points are then summed to translate into a 2‐year risk of death (bottom). A low‐risk score was 2% (\<60 points), intermediate risk was ≥2% to 10% (60--100 points), and high risk was \>10% (\>100 points). NT‐proBNP indicates N‐terminal pro‐B‐type natriuretic peptide; NYHA, New York Heart Association.](JAH3-9-e014176-g005){#jah34855-fig-0005}

###### 

Simple Classification Based on Points Score

  Variable                              Points
  ------------------------------------- --------
  Abnormal NT‐proBNP                    55
  QRS duration ≥150 ms                  15
  NYHA functional class higher than I   15
  Age (per 10 y)                        10
  Heart rate (≥80 beats/min)            20

NT‐proBNP indicates N‐terminal pro‐brain natriuretic peptide; NYHA, New York Heart Association.

![Case: 65‐year‐old woman (61 points) with Chagas cardiomyopathy presented in NYHA functional class I (0 points) with abnormal NT‐proBNP (N‐terminal pro‐B‐type natriuretic peptide; 55 points), heart rate of 85 beats/min (18 points), and QRS duration of 160 ms (15 points). The total sum of points is 149, which classifies her as high risk with a predicted probability of 2‐year mortality of 38%.NT‐proBNP indicates N‐terminal pro‐B‐type natriuretic peptide; NYHA, New York Heart Association.](JAH3-9-e014176-g006){#jah34855-fig-0006}

Validation Cohort {#jah34855-sec-0016}
-----------------

The median age of the 557 patients in the validation cohort was 68 years (range: 60--92 years), and 376 (68%) were women. Most patients were in NYHA functional class I (78%) at enrollment. The characteristics of the validation cohort compared with those of the derivation cohort are shown in Table [4](#jah34855-tbl-0004){ref-type="table"}. These patients were older and had higher prevalence of hypertension but fewer ECG abnormalities compared with the derivation cohort. Abnormal natriuretic peptide was also more frequently detected in this population, whereas other prognostic variables in Chagas disease including male sex and atrial fibrillation were similar between the cohorts.

###### 

Overall Baseline Characteristics of the Derivation Cohort Compared With the Validation Cohort

  Variables                                                             Derivation Cohort (n=1551)   Validation Cohort (n=557)   *P* Value
  --------------------------------------------------------------------- ---------------------------- --------------------------- -----------
  Age, y                                                                59.4±12.7                    69.4±7.1                    \<0.001
  Male sex                                                              527 (34)                     181 (33)                    0.525
  NYHA functional class II or higher                                    715 (46)                     124 (22)                    \<0.001
  Diabetes mellitus                                                     156 (10)                     57 (10)                     0.877
  Arterial hypertension                                                 535 (35)                     285 (51)                    \<0.001
  Chronic kidney disease                                                115 (7)                      33 (6)                      0.242
  Abnormal natriuretic peptide[a](#jah34855-note-0010){ref-type="fn"}   214 (14)                     321 (58)                    \<0.001
  Heart rate, beats/min                                                 66.3±13.9                    70.2±13.5                   \<0.001
  QRS duration, ms                                                      120.4±28.9                   102.0±25.4                  \<0.001
  QTc interval, ms                                                      435.5±43.6                   400.4±43.8                  \<0.001
  Atrial fibrillation                                                   80 (5)                       32 (6)                      0.596
  Pacemaker                                                             64 (4)                       6 (1)                       0.001
  RBBB plus LAFB                                                        215 (14)                     51 (9)                      0.004
  LBBB                                                                  74 (5)                       18 (3)                      0.127

LAFB indicates left anterior fascicular block; LBBB, left bundle‐branch block; NYHA, New York Heart Association; RBBB, right bundle‐branch block.

BNP levels in the validation cohort: median of 119.5 (63/206); range: 15--1882 pg/mL.

The score was then applied to the external validation cohort. In the validation cohort, the observed 2‐year mortality rates in the low‐, intermediate‐, and high‐risk groups were 3.2%, 8.7%, and 19.1%, respectively. The discrimination of the model was good (C statistic=0.71; 95% CI, 0.64--0.77), and the model was well calibrated (the risk score predicted 63 deaths and 63 occurred). A Hosmer--Lemeshow *P*=0.165 confirmed no significant difference between observed and predicted mortality (Figure [4](#jah34855-fig-0004){ref-type="fig"}B).

Discussion {#jah34855-sec-0017}
==========

A simple score for predicting 2‐year mortality risk in Chagas cardiomyopathy was developed and validated to be used in remote areas with limited technological resources. The score included only 5 variables that can be readily assessed at public health primary care units and provides a robust tool for risk stratification in community‐based patients with Chagas cardiomyopathy. Internal validation by bootstrapping excluded significant overfitting during the development of the score. For ease of use, the final model was represented by a nomogram. The score model had high discriminatory ability for all‐cause mortality with adequate calibration in the derivation and the validation cohorts. The score can be easily implemented in clinical practice at limited‐resources settings and may contribute to improvements in risk stratification of patients with Chagas cardiomyopathy from endemic regions.

Chagas cardiomyopathy continues to be an important cause of premature death, affecting 20% to 40% of people infected with *T cruzi* during their lifetime.[25](#jah34855-bib-0025){ref-type="ref"} However, Chagas disease is an underreported cause of death.[7](#jah34855-bib-0007){ref-type="ref"} According to a previous study, Chagas disease was mentioned in only 58% of death certificates of seropositive patients in Brazil, which suggests the official mortality rates are probably underestimated.[7](#jah34855-bib-0007){ref-type="ref"} In this context, it is possible that access to health care is limited in remote areas, where there is a low ability of practitioners serving communities to identify patients at high risk of death, in whom optimization of heart failure treatment is indicated.

The severity of heart disease is the main determinant of mortality in Chagas cardiomyopathy.[26](#jah34855-bib-0026){ref-type="ref"}, [27](#jah34855-bib-0027){ref-type="ref"} However, previous studies addressing the predictors of mortality in Chagas disease have several limitations.[28](#jah34855-bib-0028){ref-type="ref"}, [29](#jah34855-bib-0029){ref-type="ref"}, [30](#jah34855-bib-0030){ref-type="ref"}, [31](#jah34855-bib-0031){ref-type="ref"}, [32](#jah34855-bib-0032){ref-type="ref"}, [33](#jah34855-bib-0033){ref-type="ref"}, [34](#jah34855-bib-0034){ref-type="ref"}, [35](#jah34855-bib-0035){ref-type="ref"} In particular, wide variation in prognosis for individual patients highlights the need to identify key factors implicated in disease progression and death. More accurate mortality risk prediction in Chagas cardiomyopathy would be helpful for clinical‐decision guidance, particularly in remote areas, where the lack of access to appropriate treatment continues to be a challenge.[6](#jah34855-bib-0006){ref-type="ref"}

Risk‐Stratification Scores in Chagas Disease {#jah34855-sec-0018}
--------------------------------------------

Three risk scores have been proposed to predict mortality in patients with Chagas disease.[13](#jah34855-bib-0013){ref-type="ref"}, [36](#jah34855-bib-0036){ref-type="ref"}, [37](#jah34855-bib-0037){ref-type="ref"} The score model developed by Rassi et al[13](#jah34855-bib-0013){ref-type="ref"} identified 6 independent prognostic factors, including male sex, symptoms assessed by NYHA functional class, and severity of cardiac involvement based on chest X‐ray, ECG, 24‐hour Holter, and echocardiography findings. A risk score derived by the combination of points attributed to each of these features accurately classified patients into a low‐, medium‐, or high‐risk group, with 10‐year mortality rates of 10%, 44%, and 84%, respectively. The score was validated using an external population, and the respective 10‐year mortality rates were 9%, 37%, and 85%. In addition, the score by Rassi et al applied to the population with mild to moderate Chagas cardiomyopathy from the BENEFIT trial was able to predict risk of composite cardiac events, including death, resuscitated cardiac arrest, sustained ventricular tachycardia, insertion of a pacemaker or implantable cardioverter‐defibrillator, cardiac transplantation, new heart failure, stroke, or systemic embolism.[38](#jah34855-bib-0038){ref-type="ref"} Event rates in low‐, intermediate‐, and high‐risk patients were 3%, 6%, and 9% per year, respectively. This score is the standard currently used to predict death in Chagas disease.

Subsequently, Ribeiro et al[36](#jah34855-bib-0036){ref-type="ref"} showed that 3 risk factors including depressed left ventricular ejection fraction, ventricular tachycardia assessed at either 24‐hour Holter monitoring or stress testing, and prolonged filtered QRS complex accurately predicted death in ambulatory patients with Chagas disease. The score showed optimal discrimination to identify patients at low, moderate, and high risk of death, comparable to the score by Rassi et al[13](#jah34855-bib-0013){ref-type="ref"}. The study was limited by the small number of patients enrolled; the majority were asymptomatic with mild heart disease, and no internal or external validation was performed.

Recently, de Souza et al[37](#jah34855-bib-0037){ref-type="ref"} developed a risk score for sudden death, based on 4 risk factors encompassing premature ventricular complexes, severe left ventricular dysfunction, syncope, and QT dispersion by ECG. The score demonstrated good performance to predict the risk of sudden death, which is the most common cause of death overall in patients with Chagas disease. This study included an urban cohort from a reference center for Chagas disease, which might not be applicable to the general Chagas disease patient population. Indeed, it has not been validated using an independent external population.

These previously reported risk scores for prediction of mortality in Chagas cardiomyopathy have several limitations. Specifically, the scores rely on the availability of many diagnostic tests, including 24‐hour Holter monitoring, stress testing, echocardiography, or special examinations such as signal averaged ECG and QT dispersion. These models have been too complex to be integrated into daily practice in rural endemic areas, with a limited role in risk stratification in the primary care setting.

The present risk score offers specific advantages over previous risk scores. First, a large contemporary cohort of patients with Chagas cardiomyopathy living in rural endemic areas was used to determine the most important prognostic factors and to derive the mortality prediction score model.[14](#jah34855-bib-0014){ref-type="ref"} Our methodology focused on identifying a minimal number of variables for risk assessment that can be obtained in a setting with limited resources, which could affect the clinical management of patients. The variables were obtained at public health primary care units by previously trained staff using a standardized questionnaire, a laboratory test, and a standard ECG evaluation. Consequently, the proposed score can be applied in endemic areas and may provide insights into how patient care and healthcare resources can be optimized. Appropriate risk stratification of patients in this limited‐resource setting would minimize unnecessary referrals to distant tertiary centers. Moreover, identification of high‐risk patients is useful for prioritizing interventions, including devices or cardiac transplantation, and for close follow‐up with optimization of medical treatment. Although many infected individuals moved from rural zones to cities and to other countries, most patients still live in small towns and rural areas. Martins‐Melo et al[12](#jah34855-bib-0012){ref-type="ref"} studied the spatial distribution of the mortality rate in Brazil and highlighted that 24 municipalities concentrated 3% of deaths from Chagas disease, and most were small towns with \<40 000 inhabitants.

Given the lack of a health service structure in remote areas, the ECGs were analyzed in a central reading unit supported by Telehealth Network of Minas Gerais. Indeed, given wide availability and low cost, ECG is the single most important tool for Chagas disease risk stratification.[16](#jah34855-bib-0016){ref-type="ref"}, [17](#jah34855-bib-0017){ref-type="ref"}, [39](#jah34855-bib-0039){ref-type="ref"} In this score, we included 2 easy‐to‐obtain ECG variables derived from simple measurements: QRS duration and heart rate. A wide QRS, which encompasses intraventricular conduction delay of either right or left bundle‐branch block,[16](#jah34855-bib-0016){ref-type="ref"}, [32](#jah34855-bib-0032){ref-type="ref"}, [34](#jah34855-bib-0034){ref-type="ref"} was a predictor of mortality but only for values ≥150 ms, which is consistent with the cutoff QRS duration used for recognizing those patients who benefit more from cardiac resynchronization in general cardiology. Heart rate was also an independent predictor of mortality in our population. In particular, the risk of mortality increased with increasing heart rate in a linear relationship, but significantly increased risk was observed at 80 beats/min. In agreement with our results, a recent meta‐analysis of prospective cohort studies in the general population showed that patients with a resting heart rate \>80 beats/min had a relative risk of 1.45 (95% CI, 1.34--1.57) for all‐cause mortality.[40](#jah34855-bib-0040){ref-type="ref"}

Second, the score was based on key factors associated with increased risk of mortality. The natriuretic peptides levels, either BNP or NT‐proBNP, increase in parallel with the degree of left ventricular dysfunction and hemodynamic stress.[41](#jah34855-bib-0041){ref-type="ref"} Furthermore, the value of natriuretic peptides as reliable prognostic markers in various cardiac conditions is well documented.[42](#jah34855-bib-0042){ref-type="ref"} In the setting of Chagas disease, the elevation of natriuretic peptide concentration was associated with left ventricular dysfunction.[43](#jah34855-bib-0043){ref-type="ref"}, [44](#jah34855-bib-0044){ref-type="ref"} A previous study including 1398 participants from an endemic area showed that elevated levels of BNP predicted total and stroke mortality in elderly *T cruzi*--infected patients.[45](#jah34855-bib-0045){ref-type="ref"} The advantage of using NT‐proBNP is the ease of obtaining the blood sample; processing can be performed up to 24 hours after collection, allowing transportation from remote areas. The present highlights the powerful prognostic value of NT‐proBNP, especially in remote areas where echocardiography is not available. Interestingly, a previous study showed that natriuretic peptide concentrations provide incremental prognostic information in heart failure patients regardless of left ventricular ejection fraction assessed by echocardiography.[46](#jah34855-bib-0046){ref-type="ref"}

Third, the score was validated in an external cohort of patients from endemic areas. However, the derivation and validation cohorts differed in terms of the predictors incorporated in the risk score, which may explain the smaller rate of death among high‐risk patients in the validation cohort. The score model does not estimate noncardiovascular mortality that may be prevalent in the validation population with elderly patients. Furthermore, the patient characteristics included in the validation cohort indicate less severity of Chagas heart disease. The majority were asymptomatic, without ECG changes related to Chagas disease, with only minor ECG abnormalities in 12% of this population. In addition, we used BNP in the validation cohort to replace NT‐proBNP measured in the derivation cohort. Although a systematic review comparing BNP with NTproBNP in the setting of heart failure showed no significant difference between the natriuretic peptides,[47](#jah34855-bib-0047){ref-type="ref"} higher‐than‐normal levels of BNP are often found in elderly patients and were more prevalent in the validation cohort without overt heart failure. Therefore, despite important differences between the derivation and validation sets, the score showed good discrimination for predicting death in the external population of patients with Chagas disease with similar living conditions.

Our study has some limitations. The first limitation is related to the population used for external validation, which may be not the most appropriate. Patients with different characteristics, especially older patients, may have contributed for the differences in mortality rates among high‐risk patients in the validation cohort compared with the derivation cohort. However, to perform external validation, the derivation and validation cohorts rarely have identical risk stratifications. It would be relevant to point out that internal validation using bootstrapping methods was performed, which provided results that corroborated those from the external validation. Future external validation may be needed to confirm our findings.

A second limitation refers to the unavailability of BNP or NT‐proBNP in the limited‐resource areas. Indeed, the Brazilian Universal Health System only recently incorporated natriuretic peptides in the row of complementary exams available in primary health care, and it is possible that this examination is not easily available in the rural areas of other Latin American countries. However, natriuretic peptide testing has been increasingly used in clinical practice, is associated with improved patient outcomes and important cost‐savings,[48](#jah34855-bib-0048){ref-type="ref"} and should be available in all healthcare settings.[49](#jah34855-bib-0049){ref-type="ref"} Third, although previous treatment with benznidazole has been shown to be a powerful protective factor in this sample,[23](#jah34855-bib-0023){ref-type="ref"} we decided not to include this variable in our model because the effectiveness of the specific treatment has been a controversial point, with negative results in more advanced cases and large regional heterogeneity in the response to treatment.[50](#jah34855-bib-0050){ref-type="ref"} Finally, our outcome is death from all cases, which, in our original sample, was mostly related to Chagas disease. It would be useful to have different prognostic scores for deaths from different mechanisms, such as sudden cardiac death and progressive heart failure, to guide the use of specific therapies like implantable cardiodefibrillators or cardiac transplantation. In addition, because the score was developed in patients infected with *T cruzi* II, which is the prevalent type in Brazil, the definitive validation of this score will require applying it in other regions affected by other subtypes of *T cruzi*.

In conclusion, a risk score to predict death in 2 years was developed and validated, including older age, abnormal NT‐proBNP by age cutoff values, long QRS duration, and higher heart rate. This score could be used by physicians who work in primary care areas, predicting individual risks and directing appropriate therapy.
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